We present an investigation of candidate Infrared Dark Cloud cores as identified by Simon et al. (2006) located within the SCUBA Legacy Catalogue. After applying a uniform noise cut to the Catalogue data we identify 154 Infrared Dark Cloud cores that were detected at 850 µm and 51 cores that were not. We derive column densities for each core from their 8 µm extinction and find that the IRDCs detected at 850 µm have higher column densities (a mean of 1.7 × 10 22 cm −2 ) compared to those cores not detected at 850 µm (a mean of 1.0 × 10 22 cm −2 ). Combined with sensitivity estimates, we suggest that the cores not detected at 850 µm are low mass, low column density and low temperature cores that are below the sensitivity limit of SCUBA at 850 µm. For a subsample of the cores detected at 850 µm those contained within the MIPSGAL area) we find that two thirds are associated with 24 µm sources. Cores not associated with 24 µm emission are either "starless" IRDC cores that perhaps have yet to form stars, or contain low mass YSOs below the MIPSGAL detection limit. We see that those "starless" IRDC cores and the IRDC cores associated with 24 µm emission are drawn from the same column density population and are of similar mass. If we then assume the cores without 24 µm embedded sources are at an earlier evolutionary stage to cores with embedded objects we derive a statistical lifetime for the quiescent phase of a few 10 3 -10 4 years. Finally, we make conservative predictions for the number of observed IRDCs that will be observed by the Apex Telescope Galactic Plane Survey (ATLASGAL), the Herschel Infrared Galactic Plane Survey (Hi-GAL), the JCMT Galactic Plane Survey (JPS) and the SCUBA-2 "All Sky" Survey (SASSy).
INTRODUCTION
Infrared Dark Clouds (IRDCs) were first observed in the mid-1990s by the Infrared Space Observatory, ISO, (Perault et al. 1996) and the Midcourse Space eXperiment, MSX, as silhouettes against the bright mid-infrared Galactic background. Initially, Egan et al. (1998) identified ∼2000 clouds by eye from the MSX Galactic Plane Survey images. A systematic study of the MSX data using an automated identification process by Simon et al. (2006) is the fact that the Galactic distribution of IRDCs follows the mid-infrared background of the Galaxy. IRDCs are predominantly found in the first and fourth Galactic quadrants and near to the Galactic mid-plane , precisely where the mid-infrared background is greatest. Simon et al. (2006) used data from the Galactic Ring Survey (GRS) to obtain distance estimates for IRDCs found within the first quadrant of the Galaxy, using a morphological match with 13 CO emission. This matching process identified distances to 313 candidate IRDCs. Further distance estimates have been obtained by for 316 IRDC candidates contained within the fourth quadrant and were obtained using single pointings of CS (J = 2-1). The distances obtained from these large scale investigations show a peak in the radial galactocentric distribution of IRDCs corresponding to the location of the Scutum-Centaurus arm i.e. peak of R = 5kpc in the first quadrant and R = 6kpc in the fourth ).
In the decade since their discovery, our understanding of the physical properties of IRDCs has increased and it is now known that these objects are cold (<25 K) dense (10 5 cm −3 ) regions, on scales of 1-10 pc, with masses ranging between 10 2 -10 5 M⊙ . Current theory suggests that cold dense starless cores found within IRDCs are the precursors to hot molecular cores and references therein), indeed Rathborne et al. (2007) report on a hot molecular core found within an IRDC. Other tracers of massive star formation such as HII regions and Class II methanol (CH3OH) masers Chambers et al. (2009) ) have been found in association with a number of IRDCs. The association with high mass star formation is not exclusive: a number of individual studies find only low to intermediate mass young stellar objects embedded within IRDCs (van der Wiel & Shipman 2008) .
To date, with the exception of distance estimates, only small samples of the IRDCs originally published by Simon et al. (2006) have been investigated, with an observational bias towards the darkest high contrast clouds Du & Yang 2008) . The trends of global properties across a large sample of IRDCs have yet to be investigated, in particular the proportion of IRDCs that are associated with active star formation as opposed to IRDCs that are quiescent or starless.
This paper aims to address this issue by studying candidate IRDC cores originally identified by Simon et al. (2006) that are contained within the recently published SCUBA Legacy Catalogue by Di Francesco et al. (2008) . In Section 2 we describe the cross matching method used on the two catalogues, obtain column density and mass estimates (or upper limits where applicable) and identify 24 µm embedded sources associated with the the cores identified. The results of the cross matching procedure are presented in Section 3. We discuss our findings in Section 4 with a mention of the impact on two of the forthcoming James Clerk Maxwell Telescope 1 (JCMT) Legacy surveys. Finally we make some concluding remarks in Section 5.
CROSS-MATCHING IRDCS IN MSX, SCUBA AND MIPSGAL

Archival data
In 2006, Simon et al. produced a catalogue of 10,931 candidate IRDCs using data from the MSX satellite that covered the entire Galactic plane from l = 0 -360 • and |b| 5
• . Candidate IRDCs were identified by modelling the Galactic background diffuse emission at 8 µm, subtracting the 8 µm MSX images from this model and then dividing by the background model to produce what is known as a "contrast image". Regions of high extinction in the raw images appeared as positive objects with contrast values between 0 and 1 (1 for highly extincted objects) in the contrast images. IRDCs were then identified by looking for extended contrast sources, those with 36 or more continuous pixels with a contrast greater than 2σ. Cores within the clouds were identified by decomposing the clouds using two-dimensional elliptical Gausian fits . Although discovered by their mid-infrared absorption, it is at sub millimetre and far-infrared wavelengths that these objects have their peak emission.
Di Francesco et al. (2008) present a comprehensive rereduction of the entire 8 year sub millimetre continuum data set observed by SCUBA (Sub millimetre Common User Bolometer Array) on the JCMT in Hawaii. This data set is known as the SCUBA Legacy Catalogue and covers a total area of just over 29 square degrees at 850 µm. A consequence of the varying weather conditions and method by which the data was collected, over the entire lifetime of SCUBA, is that the data within the SCUBA Legacy Catalogue is both non-uniform in noise and in its quality of opacity corrections. Di Francesco et al. (2008) divided the SCUBA Legacy Catalogue into a Fundamental and an Extended Dataset. The former uses data for which there is well known atmospheric opacity calibration data (from both skydips and the CSO radiometer, Di Francesco et al. 2008 ) and the latter contains all observations regardless of the data quality. Coverage by the Extended data set is greater in area than the Fundamental by 9.7 square degrees. Discrete objects were identified within the SCUBA Legacy Catalogue (from both the Fundamental and Extended Dataset independently) using Clumpfind 2 (Di Francesco et al. 2008 ). This process provides information on the properties of each object such as flux (at the peak and integrated over its area) and apparent size.
MIPSGAL 3 is a survey of the Galactic Plane from 10 < l < 65
• and -10 > l > -65
• |b| < 1 • at 24 and 70 µm, using the MIPS instrument on Spitzer 4 . As a tracer of warm dust and with good resolution (6" angular resolution as opposed to 20" and 14" for MSX and SCUBA respectively), MIPSGAL 24 µm data are ideal for investigating warm embedded objects, such as Young Stellar Objects. Indeed Frieswijk et al. (2008) combined MIPSGAL data with IRAC (Infrared Camera on Spitzer), 2MASS (Two Micron All Sky Survey) and SCUBA data to identify Young Stellar Objects (YSOs) within IRDC MSXDC G048.65-00.29.
Cross identification
In total, 428 MSX IRDC cores from Simon et al. (2006) were located in regions mapped by SCUBA (325 located in the Fundamental region and an additional 103 located in the Extended region). However the SCUBA Legacy Catalogue does not contain photometric measurements of objects located at the edges of maps (which may be subject to large scale background or noise fluctuations). In addition, regions of high noise persist within the catalogue due to the 2 The Clumpfind algorithm used to identify objects was adapted from Williams et al. (1994) (Di Francesco et al. 2008 For the cross identification process, the locations of the MSX IRDC cores were positionally matched using TOP-CAT 5 to the locations of the Clumpfind SCUBA objects. The irregular morphology of the candidate objects in both the MSX 8 µm contrast images and the SCUBA 850 µm emission maps, meant that the task of cross matching cores between the two catalogues was non trivial. Simon et al. (2006) identified IRDCs within the MSX 8 µm data as contiguous structures in the contrast images that were sufficently extended to be real clouds and not artifacts. The cores within the clouds were identified using two dimensional elliptical Gaussian fits to these contiguous structures. In contrast Di Francesco et al. (2008) created the SCUBA Legacy Catalogue using Clumpfind which identifies irregular objects by following intensity contours. Due to this different approach in identification between the two catalogues the catalogued positions of IRDC cores and SCUBA clumps may differ by a considerable amount, even when the two are clearly morphologically associated with each other. A large positional matching radius was required to identify potential matches followed by further refinement by eye, checking that the individual IRDC cores were morphologically similar to the SCUBA 850 µm emission. A matching radius of 1' was chosen as Simon et al. (2006) quotes that typical core diameters lie between 0.75' and 2'. For added confidence, those cores that were initially matched were additionally checked for 850 µm emission at the location of the MSX core.
On several occasions multiple matches were made to the same SCUBA sources where Clumpfind had only identified one object and vice versa. In these instances the closest positional Clumpfind match to the candidate MSX identified IRDC core was taken. A consequence of the differing techniques used to identify objects within the MSX and SCUBA catalogues was seen when classifying by eye those IRDC SCUBA detected candidates with and without embedded objects. Fig. 1 , shows IRDC core MSXDCG028.37+00.07 (d), Clumpfind identified two distinct objects in the 850 µm data but the MSX identification process identified the dark complex as one object.
Of the 251 IRDC cores located within the SCUBA Legacy Catalogue mapped region a total of 46 core matches were manually excluded from the sample. In some cases, this was because the MSX identified IRDC cores were located on positions of extended 850 µm emission which could not be morphologically matched to the compact candidate IRDC cores. Due to the large upper limit used for the matching radius a number of matches were also found to be inappropriate. In other cases, objects were found within 1' but not coincident with 850 µm emission. This may have occurred due to poor background modelling of the mid-infrared emission. The subtraction of a smoothed background model can potentially result in the creation of artifacts with high contrast values. Cores adjacent to bright extended 8 µm infrared emission, were also amongst those excluded. These objects were removed due to concerns over the process of creating a contrast image in a complex enviroment.
Finally of the 205 remaining IRDC cores, a total of 154 IRDC cores were matched to SCUBA objects from the SCUBA Legacy Catalogue of Di Francesco et al. (2008) . The other remaining 51 IRDC cores were identified as having no corresponding 850 µm emission. These MSX identified candidate cores could be due to column densities and dust temperatures below the detection limit of SCUBA. Alternatively they could be a result of uncertainties in the MSX IRDC candidate identification process, we explore these possibilities further in section 4.2.
Column densities and masses of the cores
We derive peak column densities for all IRDC cores within our sample, whether detected at 850 µm or not, by applying the following extinction law to the MSX 8 µm data:
where Ii is the image intensity, I b is the background model intensity and τ λ is the dust opacity which equals the cross sectional area, σ λ , multiplied by the column density, N (H2), i.e. τ λ = σ λ .N (H2). The peak contrast value C is defined by Simon et al. (2006) as:
It is then possible, by substituting τ λ from equation 1 into equation 2, to derive:
We assume a value of σ λ = 2.3 × 10 −23 cm 2 for the cross sectional area of the obscuring dust particles at 8.8 µm (Ragan et al. 2006) . Column densities for the IRDCs derived by this method are contained in Tables 1 and 2 . Fig.  2 shows the distribution of those cores detected and not detected at 850 µm with peak contrast. We see that the median column density for the SCUBA detected candidates and the SCUBA non-detected candidates is 1.7 × 10 22 cm −2 and 1.0 × 10 22 cm −2 respectively. For comparison with the values determined from the 8 µm extinction we also calculated the peak column densities for cores detected at 850 µm, using the SCUBA 850 µm data to derive the mass (as defined by Hildebrand 1983 ) and assuming spherical geometry:
where the mass coefficient Cν is given by
Fν is the observed peak flux; Bν(T ) is the Planck function evaluated for dust temperature, T ; B850 is the radius of the beam at 850 µm, which has a FWHM of 19" due to convolution during the data reduction (Di Francesco et al. 2008) and mH is the mass of a hydrogen atom. The value of Cν = 50 g cm −2 at 850 µm is taken from Kerton et al. (2001) , where Mg is the gas mass and M d is the dust mass and κν is the dust opacity, assuming a gas to dust ratio of 100 and an opacity gradient β of 2.
When evaluating the Planck function, a temperature of 15 K was assumed for all the cores as this is the midpoint of the observed range (8-25 K) in IRDC temperatures observed by Carey et al. (1998) , Teyssier et al. (2002) and . Decreasing or increasing the temperature to 8 or 25 K would increase or decrease these column density estimates by a factor of 3.5 and 2.2 respectively.
We compared the column densities derived by each method. In general the column density derived from the 8 µm extinction agrees with that derived from the 850 µm emission to within an order of magnitude. There is considerable scatter but the overall trend is that the 8 µm column density underestimates the 850 µm column density by roughly a factor of 2. This suggests that the average temperature for the IRDC cores may be closer to 10 K than our assumption of 15 K. However due to the large uncertainties in mass coefficients, the 8 µm extinction law and contamination from foreground emission we do not expect close agreement between these two methods.
Masses were determined for the cores detected at 850 µm using the method of Hildebrand (1983) , i.e.
A dust temperature of 15 K was again assumed for all the cores. As before, decreasing or increasing the dust temperature to 8 or 25 K would increase or decrease the masses derived by a factor of 3.5 and 2.2 respectively. d is the distance to each core. Kinematic distances exist for 33 of our cores detected at 850 µm from Simon et al. (2006) , who derived distances by matching up the morphologies of candidate IRDC cores with CO morphologies from the GRS (Galactic Ring Survey). Our mass estimates for these 33 SCUBA detected cores, along with the distance estimates from Simon et al. (2006) can be found in Table 3 .
Embedded 24 µm objects in the cores
Of the 154 IRDC cores detected at 850 µm, 69 were located within the coverage area of MIPSGAL and 34 out of the 51 cores not detected at 850 µm were also located within the MIPSGAL survey coverage area. The cores were visually inspected at 24 µm and it was found that 48 of the cores detected at 850 µm are positionally associated with one or more 24 µm MIPSGAL sources (approximately half contain more than one 24 µm source). None of the 34 cores not detected at 850 µm are found to be associated with any MIPSGAL 24 µm sources. Fig. 6 shows two cores that are seen at both 8 µm and 24 µm, one with an embedded object and one without.
RESULTS
MSX identified IRDCs in the SCUBA Legacy Catalogue
In total 205 candidate IRDC MSX cores were found to be within the SCUBA Legacy Catalogue coverage area. 154 candidate cores had detectable emission at 850 µm, and 51 candidate cores did not. Of the 154 cores detected at 850 µm, we find that they span a range of peak contrast values (0.11 -0.62), column densities and masses, with the peak contrast distribution having a median of 0.32. 8 µm column densities Tables 1 and 2 respectively. The physical properties of those cores with distance information available (data taken from Simon et al. (2006) and ) are seen in Table 3 .
Those cores not detected at 850 µm are found predominantly at low contrast values ( 0.4), with a mean of 0.22 (seen in Fig. 2 ). This result is not surprising, SCUBA is naturally expected to detect high column density clouds (which would have high contrast values) and not detect low column density clouds (which would have low contrast values). Although the cores not detected at 850 µm possess lower peak contrasts, we see no evidence for the existence of two separate populations. A Kolmogorov-Smirnoff (KS) two sample test, on the peak contrast values for cores with and without 850 µm emission, reveals no significant difference (to 95%) that the cores originate from two separate populations. Inspection of the rms values for the 205 candidate IRDC cores, as with the 850 µm emission, reveals no significant difference in values between those cores detected at 850 µm and those not detected at 850 µm as seen in Fig. 3 . Thus we are confident that the reason behind the cores not being detected at 850 µm is not due to them simply lying in high noise regions of the SCUBA Legacy Catalogue. It is possible that some of the cores identified by Simon et al. (2006) that were not detected at 850 µm are not true cores at all, rather voids in the mid-infrared background. This possibility is suggested by Simon et al. (2006) and , who state at low contrast values the number of mis-identified IRDCs is greater than at high contrasts.
Detection rates
We investigated the fraction of cores detected at 850 µm versus peak contrast to identify any trends in the detection fraction of IRDC cores. We calculated the detection fraction by dividing the number of cores with 850 µm detections by the total number of MSX IRDC cores within the SCUBA Legacy Catalogue at specific contrast values. Overall the fraction of IRDC cores detected by SCUBA is found to be 75%. At low contrast values we detect over 60% of the IRDC cores, whereas all IRDC cores are detected when the contrast is high as seen in Fig. 4 . The error bars in Fig. 4 were calculated by assuming an uncertainty of √ N where N is the number of cores detected by SCUBA per bin and using propagation of errors.
MIPSGAL 24 µm sources associated with
IRDCs detected at 850 µm
We present a histogram of the 69 IRDC cores detected at 850 µm within the MIPSGAL coverage area in Fig. 5 . 48 of the IRDC cores were found to be positionally associated with one or more 24 µm MIPSGAL sources and 21 were found not to be associated with any MIPSGAL sources To investigate if the cores with and without embedded 24 µm objects were drawn from the same population, a KS test was once again performed on their peak contrast distribution and it was found that they are highly likely to originate from the same population, with no distinct differences in their peak contrast distribution to a level of significance > 99%.
DISCUSSION
The reliability of the MSX IRDC catalogue
Originally, when the Simon et al. (2006) catalogue was published, an initial reliability of 82% was reported for IRDCs with contrast values > 0.25. This initial reliability was estimated for the large high contrast clouds by comparison to other source lists from MSX and ISO data (Simon et al. 2006 and references there in). Later determined a reliability (against CS J=2-1 detections) for low contrast (0.2 -0.4) objects of approximately 50% increasing to almost 100% at high contrasts (> 0.6), with an overall reliability of ∼59%. However the sample lacked very low contrast objects, the selection criteria used were peak contrasts > 0.32 and angular sizes > 42". Expanding this estimate to the whole MSX IRDC catalogue stated that it was > 50% reliable for all contrasts. These estimates of reliability were obtained via molecular line spectroscopy of 13 CO and CS data from Simon et al. (2006) and respectively.
Our mean detection rate of IRDC cores with 850 µm emission is 75% (this value varies over a range of peak contrast values as seen in Fig. 4 ) which is greater than the reliability of 50% stated by . However this detection rate does not take into account the number of inconclusive matches that make up 19% of the IRDC sample. The close correspondence of 850 µm emission, CS 2-1 and 13 CO detection rates for IRDCs places greater confidence in the high contrast Simon et al. (2006) candidate IRDCs as true molecular clouds.
Cores not detected at 850 µm
Of the 205 cores within our sample 51 cores were not detected at 850 µm. Those cores detected at 850 µm were found to have higher peak contrast vales and column densities than those cores not detected at 850 µm. The difference in peak contrast values can be seen in Fig. 2 . The median column density of the cores detected at 850 µm is a factor of ∼1.6 times greater than the cores not detected at 850 µm. A KS test of the peak contrast distribution could find no significant difference between the cores detected at 850 µm and those that were not.
Although the mid-infrared contrast value for a particular cloud should vary with the intensity of the background, it is possible to determine an estimate of the peak contrast sensitivity of SCUBA as a function of temperature by substituting equation 3 into equation 4, using an 850 µm flux limit of 3 σ (where σ is the median rms sensitivity of the SCUBA Legacy Catalogue) for Fν and rearranging for C:
The median rms sensitivity value at 850 µm in the SCUBA Legacy Catalogue after applying our noise cut is 50 mJy beam −1 . We plot the limiting contrast of the SCUBA Legacy Catalogue as a function of temperature, derived using equation 7, in Fig. 7 . We also plot the forecast sensitivity of the SCUBA-2 Legacy Survey SASSy (the SCUBA-2 "All Sky" Survey; Thompson et al. 2007 ) and JPS (the JCMT Plane Survey; Moore et al. 2005 ), which will be discussed further in Section 4.6. Fig. 7 shows that the median sensitivity of the SCUBA Legacy Catalogue would be sufficient to detect the majority if the Simon et al. (2006) IRDC cores if they have temperatures greater than 10 K. At this temperature we would detect IRDC cores with peak contrast greater than 0.15. This corresponds to the approximate completeness limit of the Simon et al. (2006) catalogue, where the turnover in peak contrast occurs. In our sample of 205 IRDCs within the SCUBA Legacy Catalogue 94% have peak contrast values greater than or equal to 0.15.
The IRDC cores that are not detected at 850 µm are thus consistent with being low temperature, low column density cores but below the 0.1 Jy pixel −1 noise cut we applied to the SCUBA Legacy Catalogue. Fig. 7 shows that if they are true clouds they are likely to have temperatures less than 10 K. Almost none were identified with 24 µm MIPS-GAL sources, corroborating our low temperature hypothesis and implying that they are either transient or potentially prestellar cores.
If we consider the cores not detected at 850 µm, to be low temperature, low column density cores, this requires that they have a temperature lower than ∼10 K, whereas the lowest contrast objects in the sample could have temperatures less than 14 K. Typical temperatures for IRDCs range from 8-25 K Teyssier et al. 2002; ). However as we do not know how IRDC cores are arranged in temperature we cannot know if we ought to have detected the majority of these objects or not. We therefore cannot rule out the presence of a cold faint transient or prestellar population within the SCUBA non-detected sample, particularly at low contrast values where SCUBA is least sensitive. Recent theoretical mod- els (Stamatellos et al. 2007) suggest that the temperature of prestellar cores may be lower than suspected (∼5-10 K), which would place the 850 µm fluxes of the IRDC cores below our detection limit.
An alternative hypothesis is that a number of the cores not detected at 850 µm are a result of the absence of background mid-infrared emission rather than its extinction by intervening cold dust in an IRDC. In this case some the cores not detected at 850 µm would be localised "holes" or local minima in the mid-infrared background masquerading as IRDCs. This possibility is more likely for the higher contrast cores not detected at 850 µm, as our temperature constraints for these objects mean that they are less likely to be prestellar. Artefacts may also be present as a result of the background subtraction process, which would result in false IRDC detections particularly in regions of complex emission . Without deeper submillimetre continuum or molecular line data it is difficult to satisfactorily determine whether an IRDC core identified by Simon et al. (2006) and not detected at 850 µm is a true cloud, void or artefact.
Cores detected at 850 µm
We identified 154 cores detected at 850 µm within the area covered by the SCUBA Legacy Catalogue. These cores have higher peak contrast values (as seen in Fig. 2 ) and column densities than those cores cores not detected at 850 µm. Clearly as these objects are seen in submillimetre emission they are not voids or artefacts in the MSX contrast images. We determine estimates of the mass of the 33 cores in our sample with kinematic distances (see Section 2.3). The median mass of cores within the sample is 300 M ⊙, with a minimum mass of 50 M ⊙ and a maximum mass of 4,190 M ⊙ (assuming a dust temperature of 15 K). Our results are consistent with those of Rathborne et al. (2006) , who observed the 38 highest contrast clouds from Simon et al. (2006) at 1.2 mm, taking into account differences in sample selection, assumed temperature and in the measurement of integrated fluxes fit Gaussians to their sample whereas the SCUBA Legacy Catalogue uses Clumpfind).
Are these masses consistent with high mass star formation within the IRDCs? There is considerable uncertainty regarding the minimum mass core needed to form a high mass star, by considering the observed range in star formation efficiencies Thompson et al. (2006) estimated that a core mass of at least 30-200 M ⊙ would be required to form a 10 M ⊙ star. Observed values for high mass star forming cores range from 720 M ⊙ to 10 4 M ⊙ (Hatchell et al. 2000; Mueller et al. 2002) . Our sample of SCUBA detected IRDC cores falls at the lower end of this observed range of masses and is largely consistent with the estimate of the mass required for high mass star formation. We thus conclude that the masses of the IRDC cores in our sample are sufficient to support intermediate to high mass star formation.
4.4 IRDC cores detected at 850 µm without 24 µm sources: could they be "starless" IRDCs?
Approximately two thirds of the IRDC cores detected at 850 µm that are located within the MIPSGAL survey area are associated with embedded 24 µm sources (48 cores or 69% of the sample), as shown in Section 3.3. We carried out KS tests of the peak contrast and column density distributions for SCUBA detected IRDC cores with and without associated 24 µm sources. There is no evidence for the existence of two populations (see Fig. 5 ), which implies that the IRDC cores detected at 850 µm with and without associated 24 µm sources originate from the same column density population. We searched for any signs of correlation for the limited sample of those cores with known kinematic distances (see Table 3 ) and did not find any correlation of the presence of an embedded object at 24 µm with the mass of the IRDC core. Given the similar properties of the cores with and without associated 24 µm sources, the two types of core may be evolutionarily related. The cores that are without associated 24 µm sources could represent an earlier "starless" evolutionary stage to the IRDC cores that have formed intermediate or high mass Young Stellar Objects and are associated with 24 µm sources. A range of evolutionary stages have been observed in a handful of IRDCs , which supports this hypothesis. In this picture the "starless" IRDC cores (i.e. those without associated 24 µm sources) represent the cold quiescent initial conditions for high mass star formation as suggested by Carey et al. (1998) and Simon et al. (2006) . The SCUBA detected candidate IRDC cores with associated MIPSGAL 24 µm sources would then represent a star forming population of IRDCs with embedded (proto) stellar objects, and so we refer to these as star forming IRDCs.
Two alternative explanations are that the starless IRDC cores detected at 850 µm are sterile, possibly unbound, condensations that may never go on to form stars, or that they are forming stars, but with luminosities too low to be detected by MIPSGAL. In order to address the likelihood of the former explanation in detail, we would need to determine the virial masses and gravitational stability of a large sample of the starless IRDC cores (via additional spectroscopy). However we note that the Jeans Mass for a core of similar temperature and number density to the starless cores (∼15 K and 10 4 cm −3 ) is 20 M⊙. Decreasing the temperature or increasing the number density decrease the Jeans mass. The minimum mass of our sample of cores detected at 850 µm (with or without associated 24 µm sources) is 50 M⊙. Allowing for uncertainties in our derivation of the mass we thus conclude that it is unlikely that many of the IRDC cores fall below this Jeans Mass and so the majority of the IRDC cores detected at 850 µm ought to at least have the potential for star formation.
This approach implicitly assumes that the IRDC cores are single gravitationally bound objects. If instead they are composed of numerous smaller cores fragmented below the scale of the JCMT beam then this conclusion may not apply. Higher resolution interferometry would be needed in this case (e.g. Rathborne et al. 2008) .
To assess the likelihood of the latter explanation that the starless IRDC cores are forming stars with luminosities below the detection limit of MIPSGAL we need to determine the sensitivity of MIPSGAL to YSOs as a function of YSO luminosity. Fortunately a series of studies carried out by the Spitzer c2d 6 survey team on nearby star forming regions allows us to characterise the 24 µm flux to total internal YSO luminosity fairly well for low mass YSOs. Dunham et al. (2008) find an approximately linear relationship between the MIPS 24 µm flux and total internal luminosity for low mass YSOs detected in the Spitzer c2d survey. This was found to be consistent with the predictions of radiative transfer models of low mass YSOs . Unfortunately no such similar study exists for high mass YSOs and so we use the empirical mid to far-infrared flux relation of Lumsden et al. (2002) . We plot these relationships (corrected for an estimate of the average 24 µm extinction of the IRDCs) for a range of YSO luminosities as a function of distance in Fig. 8 .
Uncertainties in Fig. 8 result from uncertainties in extinction and in the relationships between flux and luminosity as taken from Lumsden et al. (2002) and Dunham et al. (2008) . The main source of error in Dunham et al. (2008) is the uncertainty in the relationship between flux and luminosity which were obtained from observations as well as theoretical models. This uncertaintly is depicted in Fig. 8 by the shaded region in the plots on the left. The primary source of error in Lumsden et al. (2002) is due to the large range in observed flux ratio. This uncertainty is depicted in the middle and right plots with the lower estimate in the middle plots and the upper estimates in the plots on the right. From Fig. 8 we see that the relationships taken from Lumsden et al. (2002) and Dunham et al. (2008) are consistent with each other particularly the plots to the right and in the middle of Fig. 8 .
The quoted 5σ point source sensitivity of MIPSGAL is 1.7 mJy at 24µm (Carey et al. 2007) . This limit will obviously vary from region to region depending upon the strength of the background emission and complexity of structures in the images. However the IRDCs presented here in general have low 24µm backgrounds and are relatively free from source crowding, hence we assume the given 5σ limit is valid, which is show in Fig. 8 by a dashed horizontal line. The effect of extinction from the environments surrounding the cores found without associated 24 µm emission and from the material contained within the cores themselves lowers any observed radiation emitted from within. With these starless IRDC cores having high column densities (∼ 2 × 10 22 cm −2 from 8 µm and 850 µm data) and hence high opacities there are three possible situations we should consider for the flux that is observed: i) there may be no extinction ii) there may be a medium amount of extinction (taking this from the lower of the quoted column densities derived from the 8 µm data) iii) there may be high extinction (taking this from the higher of the quoted column densities as derived from the 850 µm data). We derive values of visual extinction (Av) for the two latter cases where extinction has an effect on the observed flux using the method given by Rieke & Lebofsky (1985) . The derived Av range between 11 and 94 which converts to a 24 µm extinction (A24) 6 The Spitzer Space Telescope Legacy program From Molecular Cores to Planet-Forming Disks (Evans et al. 2003) of 0.6 and 4.6 respectively. The effect of the differing extinction can be seen in Fig. 8 in which the top graphs are for no extinction, the middle graphs take the medium extinction case (A24 = 0.6), and the bottom graphs assume high extinction (A24 = 4.6). Errors on these estimates are on the order of ∼40%, predominantly resulting from the uncertainty in the empirically derived conversion from N(H+H2)/E(B-V) (Bohlin et al. 1978) .
At the typical distance of IRDCs within our Galaxy, which is 3.8 kpc, we look at the sensitivity of MIPSGAL. In Fig. 8 , we see that in the 'worst case scenario' MIPSGAL should be complete to embedded objects with luminosities above 100 L⊙ (when high mid-infrared extinction is considered; A24 = 4.6, Av = 94). This completeness limit indicates the possibility of ruling out the presence of all but low mass YSOs. From Iben (1965) we find that in the protostellar stages of evolution a star with a final main sequence mass < 2 M⊙ will never reach luminosities greater than 100 L⊙. Greater constraints on the column densities of these objects are required to allow us to have a better handle on the potential luminosities of these cores and determine if indeed they are a low mass population of cores.
The lifetimes of starless and star forming IRDCs
From the previous section we have seen that the starless cores may be evolutionary related to those SCUBA detected cores associated with 24 µm objects but with luminosities below the detection limit of MIPSGAL. Going one step further we may assume that the starless and star forming SCUBA detected IRDCs are at different evolutionary stages in the formation of high mass stars and so we can estimate the statistical lifetime of the starless quiescent phase. If each starless IRDC core evolves into a corresponding star forming IRDC core with one or more embedded 24 µm source then the relative proportions of these objects in the sample should reflect the statistical life time of each type of object. In the sample of SCUBA detected IRDCs lying within the MIPSGAL survey area we find twice as many star forming IRDC cores with 24 µm sources than starless IRDC cores. Thus if these two types of object do form an evolutionary sequence we would expect the starless phase to last half the lifetime of the star forming phase.
Estimates for the absolute lifetime of the embedded high mass star formation range from 10 4 -10 5 years for UCHII and embedded YSOs (Wood & Churchwell 1989a,b) , a few 10 4 years for methanol masers (van der Walt 2005), and 1.2-7.9×10
4 years for embedded high mass protostars (Motte et al. 2007; Pestalozzi et al. 2007) . Taking the upper and lower bounds of these estimates we conclude that the starless phase of IRDCs, as an upper limit due to our assumption on evolution, last a few 10 3 -10 4 years. The proportions of starless and star forming IRDCs that we see are consistent with the proportion of massive infrared quiet high mass protostars to the massive protostellar stage as found in Cygnus X by Motte et al. (2007) . The lifetime of the starless IRDC phase is comparable to that found for the infrared quiet protostellar phase by Motte et al. (2007) who calculated the statistical lifetimes based on the proportion of massive infrared quiet high mass protostars to the massive protostellar stage as found in Cygnus X. Our sta- Figure 8 . Left Plots: based on relationship between flux and luminosity, from observations and theoretical models as produced in Dunham et al. (2008) . The shaded regions depict the uncertainty in this relationship. Middle and Right Plots: based on flux luminosity relationship published by Lumsden et al. (2002) . Lower and upper estimates of flux for particular luminosities are plotted in the middle and right plot respectively. This range in flux originates from an observed range in F F IR /F E ratio which ranges from 5-40. The middle plot takes the value of 40 and the right plot takes the value of 5. Plots from top to bottom vary in A 24 , from no extinction in the left to high extinction in the right plot. Labels in each plot denote the different luminosities, i.e. 1 L ⊙ , 10 L ⊙ , 30 L ⊙ and 100 L ⊙ . The dashed horizontal line is the 5 σ point source sensitivity of MIPSGAL at 24 µm.
tistical lifetime estimate for the starless IRDC phase is also approximately one to two orders of magnitude less than the extended lifetime of the low mass Class 0 evolutionary phase recently calculated by Evans et al. (2008) .
Caution must be applied to comparing the estimated lifetime of starless IRDCs to the estimated lifetime of the high mass pre-stellar phase. As shown by Motte et al. (2007) for Cygnus X there are no high mass starless cores, which implies an age of less than 10 3 years for this phase. The "starless" IRDCs that we identify from their mid-infrared quietness may yet display other signs of star formation such as molecular outflows or methanol masers which would imply that they have a proto-stellar nature. This may be supported by the fact that their statistical lifetime is similar to the high mass proto-stellar phase identified by Motte et al. (2007) . Future investigations of these clouds to search for identifiers of high mass star formation are needed to estimate the lifetimes of the pre-stellar and proto-stellar phases found within these clouds. A number of forthcoming Galactic Plane surveys have these aims, such as the Methanol Multi Beam Survey (MMB; Green et al. 2008) , the CORNISH 7 5 GHz survey (Purcell et al. 2008) , the Herschel Hi-Gal Survey (Molinari et al. 2005) , and the JCMT Legacy Surveys SASSy and JPS Moore et al. 2005 ), see Section 4.6. However, regardless we have shown that the lifetime of a quiescent (before it shows evidence of activity in the mid-infrared) IRDC is approximately half of that spent in the embedded phase.
Predictions and implications for Galactic Plane surveys
The astronomical comunity are planning a number of uniform and sensitive surveys of the Galactic Plane in the far infrared and sub millimetre that will detect a large number of the Simon et al. (2006) IRDC catalogue in emission. We use the results drawn form the SCUBA Legacy Catalogue to make predictions for the number of IRDCs that will be detected by four surveys in particular: SASSy, the SCUBA-2 "All Sky" Survey ), JPS, the JCMT Galactic Plane Survey (Moore et al. 2005) , Hi-GAL, the Herschel Infrared Galactic Plane Survey (Molinari et al. 2005) , and ATLASGAL the APEX Telescope Large Area Survey of the Galaxy (Schuller et al. 2009 ). Each of these surveys will cover much larger regions of the plane than the SCUBA Legacy Cataogue and will be both deeper and more uniform, resulting in a much more unbiased survey of IRDCs that is free from the targeted and non-uniform nature of the SCUBA Legacy Catalogue. Fig 9 shows a region of the Galactic Plane with the coverage area of the SCUBA Legacy Catalogue and the positions of Simon et al. (2006) IRCDs, which clearly indicate the potential of these large area surveys to detect a large number of IRDCs. As each of these surveys will detect IRDC cores by their emission rather than their extinction against the galactic mid-infrared background this means that they will also be sensitive to IRDCs located on the far side of the Galaxy that were not detected by Simon et al. (2006) . The forecast 1 σ sensitivities of HIGAL and JPS are 20 mJy beam −1 and 4 mJy beam −1 at 250 µm and 850 µm respectively, which are sufficient to detect cores of only a few tens of M⊙ at 20 kpc (assuming 20 K dust with β=2 and a mass coefficient of 50 g cm −2 ). SASSy and ATLASGAL will have 1 σ sensitivities of 30 mJy beam −1 and 50-70 mJy beam −1 at 850 µm which could detect cores of a few hundred M⊙ out to 20 kpc. Taking the masses of known IRDC cores into consideration each of these surveys has the potential to detect these objects at the far side of the Galaxy. In addition, as we have shown in Section 4.2, the deeper surveys may find the low column density low temperature clouds that were not detected at 850 µm in the SCUBA Legacy Catalogue. Thus as well as the increased number of detections resulting from surveying a larger area of the plane, we expect that the surveys will also detect a greater number of 'IRDC cores' on the far side of the Galaxy and the colder population that we have not detected with SCUBA.
7 The Co-Ordinated Radio 'N' Infrared Survey for High-mass star formation, Purcell et al. (2008) Estimating an upper limit to the number of IRDC cores that could be detected by the surveys is difficult. For the IRDC cores located on the far side of the Galaxy that have foreground emission preventing them being detected by Simon et al. (2006) we may estimate their number by geometric means and considering the volume of the Galaxy probed by MSX. Following the argument presented by Rathborne et al. (2006) we estimate that the total number of IRDC cores in the Galaxy may be up to a factor of 3 greater than those detected by Simon et al. (2006) . To this number must be added an uncertain quantity of low column density cores whose intrinsic contrast falls below the Simon et al. (2006) criteria for detection but whose column density is great enough to be detected by the surveys (particularly Hi-GAL and JPS). We see from Fig. 10 that the steep turnover of IRDC cores at low contrast values may indicate that the catalogue is incomplete at low contrasts. Without further information on the general temperature distribution of IRDCs it is currently not possible to place firm limits on the number of such cores and so whilst we note that the deeper surveys will detect this colder population (and Hi-GAL will determine the temperature distribution of IRDC cores) we do not include them in our estimate.
Currently no information exists on the temperature distribution of IRDCs in general, as by the nature of their detection the estimated temperature for each cloud is an upper limit. This means that we cannot take the column densities estimated from the MSX 8 µm data (as contained in Table 1) and convert these into flux estimates, as the lack of temperature information renders these into rather loosely determined upper flux limits. In addition the large uncertainties in mass co-efficients, the 8 µm extinction law and contamination from foreground emission introduce a considerable scatter between column densities derived from 8 µm and 850 µm (see Section 2.3). We thus estimate lower limits for the detection rate of IRDC cores within the surveys by using the SCUBA detection fraction shown in Section 4.1. SASSY, JPS and Hi-GAL are deeper than the SCUBA Legacy Catalogue and so we expect these surveys to detect a greater fraction of IRDC cores, particularly at low contrast values where the surveys are more sensitive to low temperature low column density cores (see Fig. 7 ). Without knowing the temperature distribution of IRDC cores it is impossible to determine exactly what this fraction is, but given the greater sensitivities of these surveys they ought to detect at least the fraction of IRDC cores that SCUBA did. The depth of ATLASGAL is similar to the 0.1 Jy pixel −1 noise cut that we applied to the SCUBA Legacy Catalogue and thus ATLASGAL should detect a similar fraction of IRDC cores from Simon et al. (2006) . ATLASGAL will survey the inner third of the Galactic Plane (|l| < 60
• and |b| < 1.5 • ), within which there are 11,529 IRDC cores from the Simon et al. (2006) catalogue. Taking the SCUBA detection fraction of 75% we predict that ATLASGAL will detect at least 8,600 IRDC cores. We scale this number by the geometric argument of Rathborne et al. (2006) to estimate the number of cores that ATLASGAL will detect on the far side of the Galaxy and hence estimate that ATLASGAL may detect up to 26,000 IRDC cores. This is consistent with the preliminary results of the first 95 deg 2 of ATLASGAL which detects ∼6,000 sources, many of them infrared dark (Schuller et al. 2009 ). The survey area of Hi-GAL again covers the inner third of the Galactic Plane but with a latitude range |b| < 1
• . Of the 12,774 cores within the IRDC core catalogue by Simon et al. (2006) 10,644 IRDC cores are located within the Hi-GAL survey area. Scaling this to the detection fraction of SCUBA Hi-GAL will detect at least 8,000 IRDC cores. Again we use the geometric argument to estimate that within the entire Galaxy this number may increase to 24,000 cores. SASSy, covering 0
• l 245
• and |b| 5
• of the Galactic plane has 6,160 IRDC cores from the Simon et al. (2006) within the coverage area. Taking the 75% detection fraction results in a lower estimate of 4,600 cores being obsevred. Again the number detected increases, when we consider geometric arguments, to 14,000. Finally JPS will survey two regions of the Galactic Plane, the GLIMPSE-N region (10 • < l < 65
• and |b| 1 • ) and the FCRAO Outer Galaxy Survey region (102.5
• < l < 141.5
• and |b| 1 • ). We see that 4,095 IRDC cores from Simon et al. (2006) are located within the coverage area. With a detection fraction of 75% we expect a lower limit of 3,000 IRDC cores to be detected. With geometric arguments this number may increase to 9,000 IRDC cores. Although by number we see that the predicted numbers of IRDC cores that ATLASGAL and Hi-GAL are expected to return higher source counts than SASSy and JPS, this is due to the larger area covered by these surveys. JPS and SASSy will however explore relatively unique parameter spaces. The high sensitivity JPS (1σ ∼ 4 mJy beam −1 at 850 µm) will be ideal for identifying the most low temperature low column density IRDC cores. SASSy in contrast to the other surveys will have the benefit of observing greater latitudes of the Galactic Plane than any other survey and (as with JPS) will observe the outer Galaxy where low mid infrared backgrounds has restricted previous identifications of 'IRDCs' due to their very nature. 
SUMMARY AND CONCLUSIONS
From positional cross matching of the IRDC catalogue produced by Simon et al. (2006) with the coverage area of the SCUBA Legacy Catalogue (as published by Di Francesco et al. 2008) we have identified two populations of objects: candidate IRDC cores with and without associated 850 µm emission. Column densities of these two populations were derived from the 8 µm data by applying an extinction law to the peak contrast values (as defined by Simon et al. 2006 based upon observations at 8 µm). For those cores that were associated with 850 µm emission col-umn densities were also derived assuming a spherical geometry and the assumption of Hildebrand (1983) . From our findings outlined within this paper we make the following conclusions:
(i) We find 154 cores with 850 µm detected emission and 51 cores without 850 µm emission. Those cores associated with detectable 850 µm emission had a median peak contrast value of 0.32, a median column density of 1.7×10 22 cm −2
and a median mass of 300 M⊙. We found that the overall detection fraction of IRDC cores with 850 µm emission is 75%, as a lower limit which is in good agreement with the CS detection of .
(ii) Those cores without 850 µm emission are found to have no significant difference in peak contrast distribution than those cores detected at 850 µm. These cores are likely to be population of low temperature low column density transient or prestellar cores. However, a small number of these cores could also be "holes" in the background midinfrared continuum emission or artefacts as a result of the identification procedure. Further observations of the cores not detected at 850 µm, either deeper sub millimetre continuum data or molecular line data, are required to yield insight into the true nature of these objects.
(iii) On the nature of those cores detected at 850 µm, we find that their range in masses (50 − 4, 190 M⊙) are consistent with the lower mass end range observed in high mass star forming regions. 69% of those cores detected at 850 µm lying within the MIPSGAL survey area are associated with an embedded object at 24 µm. A KS test gave no indication for the existence of two populations. This could suggest these cores are related evolutionarily. Those cores detected at 850 µm without 24 µm sources could be "starless" IRDCs or they may be forming stars but with luminosities too low to be detected. An alternative explanation for their origins are that they are unbound condensations that may never go on to form stars. To make more detailed conclusions about the nature of the SCUBA detected cores and their embedded mid-IR sources requires a deeper understanding of their physical properties from follow up molecular line mapping.
(iv) Based on the assumption that the "starless" and star forming cores are related evolutionarily we derive an upper limit of 10 3 − 10 4 years for the lifetimes of starless IRDC cores. This lifetime is found to be comparable to the infrared quiet protostellar phase by Motte et al. (2007) and is approximately one to two orders of magnitude less than the extended lifetime of the low mass Class 0 evolutionary phase recently calculated by Evans et al. (2008) .
(v) Based on SCUBA detection rates found, we make a conservative prediction to a lower limit of the number of IRDC cores that the Galactic Plane surveys ATLASGAL, Hi-GAL, SASSy and JPS will potentially detect : 8,600, 8,000, 4,600 and 3,000 cores respectively. If we apply geometric arguments to these values to scale to the number of such cores in the far Galaxy we see that ATLASGAL, Hi-GAL, SASSy and JPS have the potential to observe up to 26,000, 24,000, 14,000 and 9,000 infrared dark cores respectively throughout the Galaxy.
We are now entering into an exciting time for sub millimetre and far infrared astronomy with the advent of Herschel and SCUBA-2. These two instruments will push the observational investigations of IRDCs, and in turn they will yield fresh insight into the role they may play in massive star formation
